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FORnWORD 


although known to mineralogists for meny years, vermiculite ras.of little 
ir no ‘commercial value prior to 1°25. It was cescriced in the american Journal 
£ Science in 1824 by T. H. webb, who nained it vermiculite from the Latin . ae 
ermiculari, to breed worms, cecause of its property of expanding and itm 
nto’ worm-like forms when neated. It is said that'in Japan it was & popular .. 
amusement to throw vermiculite’ « on Lot coals to" gee it exfoliate. 


The conbervial devel opnient” of’ yeriniculite hag been largely due to. the.” 
“Forts ‘of ome’ compa the’ Zonolite’ Coe. ‘of Libby, Montana, which ‘ae 
arge deposits’ of ra material’ ang nes developed ‘diversified markets for. ite. ae 
roduct. Vermituiite is already an invortant™ ‘ingredient of many insuleting . 
aterials’ and other articles of combicyce , and interest in the material among 

oth’ producers and ' consumers is evidently ‘srowing, 


D£SCRIFTION AnD PRUPEsTIES 


The term "vermiculite" is appliéd to a group of micaceous minerals that. 
enerally are alteration products of biotite, phlogopite, and otner varieties. 
f mica. The original cleavage i8 partly retained; other physical properties 
ad- the chemical composition show varying degrees of alteration. The most 
ronounceé characteristic of vermiculites is txneéir ex: traordinary expansion on 
sating; the volume my increase up to 16 times the, original. | _ Some varieties 
slags as mich as 20 per cent of ‘vater and the. expansion, occurs: as the water 

3 given off, This expansion ‘or exfoliation taxes place dn only one direction; 
> right angles to the cleavage. «at the sdme time the color changes from 
lack or dark bromm to a silvery cr golden hue, according to the degree of 
2at and the exposure to the air. . Tuis change of color is believed to be due 
» the oxidation of the iron, and” it may be ‘controlled to a limited jeitent by , 
-cluding air: ‘during heating. ' In an atmosphere ‘Of | dimini shed oxygen | content .. 
Le oxidetion is Ancontplete ard tne color. decreased in. dntensity... The specific 


‘The ‘Bureau of Mines will welcome revrinting of tunis article, provided the 
following footnote acknowledgnment is used: . sennentee orem U.. ak Bureau .» 
of Mines Information Circular 6720." a4 — 

Rare metals and nonmetals division, | cimece Bureau of kines. ee ea ee 
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erevity of tie raw material is in tre neignbdornood of 2.5, whereas after 
heating, the expanded mass has been revorted to heve an apparent gravity 
as low as 0.087. Tre untreated material weighs about 100 pounds per cubic 
foot; after heat-treatment the averaze product varies in weight from 6 to 
20 pounds per cubic foot. - 


Under the Leading "Vermiculites" [Tana lists a number of minerals, the 
best kmomof which are vermiculite and jefferisite. Otner varieties are 
kerrite, lucasite, lennilite, hallite, vainterite, philadelphite, proto- 
vermiculite, vaalite, maconite, dudleyite, pyrosclerite and roseite. These 
minerals show great similarity and in most instances the names are derived 
from the localities in wiich specimeas aave veen found. 


2 YSns 


Largely as a peeuait of peeeeed) and sales promotion on ine. pare. of the 
principal producer of vermiculite, many uses have teen developed. Vermiculite 
is of little or no value in its rav state, and the following applications re- 
late to the treated material, Its value in heat and cold insulation has been 
demonstrated and it is an effective sound insulator. Vermiculite has been 
recomuended as an insulating material in fireless cookers, incubators, ovens, 
pipe and boiler coverings, and. refri:jerators,:. wuen used to fill hollow 
spaces. over. ceilings. it is said to’ make houses warmer in winter and cooler in 
summer. It has been: used as an insulrtor in safes. and filing cabinets with 
&pparent success, .AS @ sound deadener it. is of particular value in moving 
picture studios and apartment houses, WMiz.ed in a plaster witn wood pulp, 
vermiculite is said to have been tried out on the walls of Canadian theaters 
for its acoustic properties with satisfectory results. It is, of course, 
fireproof. 


Vermiculate is used as a fine ag.regate in place of sand in connection 
with gypsum plaster for interior vlastering purposes... The cost of such walls 
is said to be about 5 cents per sq. yd. greater than vhen ordinary sand is 
used, but the weigit is considerably less and the ralls have good insulation 
properties. In experimental worx performed at the University of Kentucky, 
Lexington, ¢C. S. Crouse*. revorts tuat a plaster composed of 30% plaster of 
. Paris, 60% calcined vermiculite, and 10) asbestos was not disintegrated when 
placed in:a red-hot furnace. . arte apo board made from vermiculit 
is said to.stand Sr poeuEe. to. 1700". 3 EF. rithout any Gere Gee sere al or 
epnerectsone” ! -_ ! 


The poiden colcr of treated Gerd cuitts is atiliged cere gold paint 
The material may also be used as a paint pigment or xalsomine by tinting to t 
‘desired color. Vermiculite is also used.es &. decorative material in wallpape 
5 .nock Products, Progress” in tne Use of Zonolite. Vol. (35, april 23, 1632, 
pp. 17-18. Se es 
4 Crouse, C. S.. Calcined yeruiculite as & ‘plaster vase. Eng. and kin. Jour 
vol, 128, Ko. 24, Dec. 14, 1925, pp. 923-924, BO 
© xock Products. Colorado Vermiculite - Its Discovery and Development. 
Vol, 55, aug. 13, 1952, pp. 22-24, 
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Wit asphalt -bindérs: or ter adhesives vermiculite has been used as a 
moosition roofing.  procuct marxeted:as ZonoaspLalt is described as a 
re-oroof roofing meer sees guaranteed for 2G years without painting or 
valiring. es _ ey 

The lubricating -qualities of vermiculite are said to te compsrable to 
ose Of flake graphite, It nas the property of coagul. ting or nardening 
ls so that it may be used instead of aluminum stearate, and at the same 
me serve as ‘a valuable lutricant.' ihen so used tue bearing surfaces be- 
me coated with the soft flaky matsrial and friction is reduced to a mini- 
iw. For tuis use th e vermiculite should be water ground to eben minus - 
iC mesh, ‘6 ec, meres i . ; r he, he ae 

ee cements made from Colorado vermiculite are on tne market. 
ey are claimed to have a- covering capacity as nigi as 60 sq. ft. ver 100 lb. 
it and no volame or a eee when een tne dry ee per cu. ft. 
1 plece will not. iseceed 20 1b. roe 


Vermiculite ig als oO used in en Tastee brick whica is said to. have a 
ushing strength of 175 - 200 lb. ver sq. in. and a density of 22.5 lb. per 
i. ft. Tne orick. will stand constant ear of mete ee F. metoo 
creciable shrinking or checking, OS 


Uther’ products in rhich vermiculite is used to advantage are automobile 
ivflers’ and paies i uae : 
hes eG O 
CLS OF WOOL AREWwCL : 
Vermiculite-is a-constituent of some altered igneous rocks and it general- 
r occurs mized with other minerals and thus distributed through the rock mass. 
ia few places; horever, it is found.in almost cléan or unmixed bodies large 


ough to mine. Bodies that have a dixelixe fora end renee, from 1 to 6 feet. 
i wicta are ECE OPEe? from hOEYE Geren snes: 


‘DOWESTIC Dir 2OSITS 
Montana 


The largest ‘moyn deposits of veraiesiete are iu the lover part.of the 
‘Sin of Rainy: Creek, about 7 miles. rnortneast of Lioby, Montana. The area is 
rock Froducts. Frogress in tue Uce of Zonolite. Yol..35, april 250, 1982, 
pp. 17-18.,. 
sock Frroducts. colorado Vermiculite - its DyeCOvery and Development. 
Vol.- 3s, AUG « “iS,: cds, po. OO-24: 4 
Fardee, J. T. and Larsen, z. S. -Levosits of Vermiculite Sth other Minerals 
in the Rainy: Creek District near Libby, Montana. U. S. Geol. Surv. Bull. 
SO5-B, 1620, pp. ee-23, 
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accessible to the main automobile nighwey along the norta bank of the | 
Kootenai ‘River and is vitnin a fer miles of ti.e Great xorvhern Railway. This 
occurrence is descrived by Fardée and Larsen,* as follows: 


"A body of vermiculite in the hainy Creex district that is _ 
being ceveloped by the Zorolite Co. on the spur north of Kearney 
Creek is mucn larger than any deposit heretofore kiom. It pre- 
sents no natural exposures, cut its outcrop anc tue slopes below 
are mantled witn a yielding slipvery soil commosed ciefly of mica- 
lixe flakes. as incompletely slown by the workings so far made, 
this body appears to te of dikelixe form and at least 100 feet 
wide, and 1,000 feet long. It extends to a decto of more than 
100 feet, its lower limit not being si.own. Several smaller bodies 
of vermiculite occvr in the ground of the Vermiculite & asvestos 
Co. on tne northwest slope of the same pick There a tunnel pene- 
trates six bodies that range from 1 to 4 feet in width, Tney are 
of flat Lenslilke or tebular form, and ace of trem are definitely 
senarated from the wall roce« by fault or slip planes, Incomplete 
exposures of siveral other similar bodies are made by smaller 
workings, * * * Samples representing areas of several square. feet 
at different pleces in tne ~orxings of the Vermiculite & Asbestos 
Co. contained from 30 to &4 per cent of vermiculite. Apparently 
there is a huge amount of such mi:.cd material." 


The property nor operated by the Zonolite Co. was accidentally discovere¢ 
in the Spring of 1416 by &. WN. Alley, vhen he wes prospecting for other 
minerals. while examining a quartz stringer in an old tunnel he noted tnat 
the heat from the candle waich be nad stuck in the wall had caused a leaf of 
mineral to swell. He toolc some of the material home and on heating it on tke 
stove and in the fire found that it did not burn but swelled to many times 
its original size and turned a gold color, + resewbled gold nuggets but ras 
light as a feather, rhich caused it to be known for some time as "feather 
gold." It wes soon apparent t..at there wes an abundant supply of material 
that possessed remarkable properties, but no use was known for it. Mr. alley 
glimpsed the commercial possibilities of vermiculite and, after several years 
of experimentation, joined vith other interested parties to organize tne 
zonolite Co. at Libby, Montane, to exploit the devosits, Tke company develone: 
& heat-treated vermiculite which it markets uncer tne trade name "Zonolite," 
and for which it nas found many actual and potential ueces, Commercial produc- 
tion was undertaken on a sueall scale in 1$25., In’1$31, the wominion Stucco 
co. Ltd., of 5%. boniface, manitota, a subsidiary: of Gypsum, Lime and 
Alabastine, Canada, J.td., acquired an interest in tie company, and has sub— 
Semen ny promoted tne sale of zonolive in Canada, 


S$ Pardee, J. T. and Larsen, ui. 5. penosits of veriniculite and otiuer 
minerals in the Rainy Creex District neor Libby, montana. U.' S. 
Geol. Surv. Full, €05-B, 1926,’ op. 23-24, 

10 Pit and Querry. Quarrying and Refining Zonolite. May 23, 1928, p. 6&2. 
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as freight rates on crude vermiculite are lover tnan on the ezpanded 
aterial, tne Zcnolite Co. finds it advantegeous to siip tae crudé meterial, 
re-screened to:the‘vroper sizé and pre-dried of. surface moisture, from the 
ine to points of consumption. Tue Zonolive Froducts.co., an affiliated 
Xupany operates expansion units at Joliet, Illinois and Brooklyn, W. Y., 
id distributes zonolite turoughout the territory. east of the mississippi; 
.e western territory is handled by the conolite sales Co, 


The Vermiculite & Asbestos Co. res or,zanized early in 1927 to. exploit 
s20sits near Libby, Montana, and for a ma: be Micalite Co. operated several 
iaims- in tne same region, — : 7 ee 2h 


according to the U. S. Geological Survey, tue following occurrences in 
ntana heve not been described in publisrec- reports: Sec. 19, T. 28, N., 
, 16 EW, in the Kocky Boy Indian Reservation, Hill County, otned by the 
sarpaw Mining and Milling Co., havre, Montena, end about.12 miles east of 
wuilton, at the head of Gird Creek in the Sapphire Mountains, Ravalli County, 
med by S. EH. Chamberlain, Victor, Mont. i ae | 


Colorado 


Half a dozen promising occurrences of vermiculite nave been reported in 
Jlorado, <alderson"~ refers to three, as follows: 


"The first discovery of jefferisite in commercial quantity was 
made by W. E. Thomas in 1613, in tne Turrett wining district, 14 miles 
‘north of Salida, Colo.w. ‘Tas devosit occurred as a vein, 20 inches in 
-width, in a granite formetion, .about & carloads vere mined and © 
shipped, but .on account of the high cost of mining, ‘the venture was 
unsuccessful. Later anoti:er aeposit, 9 miles from Jola, Gunnison 
County, was discovered. * * * w. 5, Thomas and others, in Cctober 
1$23, visited the main Colorado ceposit. The jefferisite is found 
7 miles from westcliffe, tre county seat of Custer Co., an old and 
well known mining district. -Tae company has a tract of 60 acres on 

Which the jefferisite is well e:posed in seven vlaces. * * * Gn an 
adjoining tract of 60 acres, under lease by the Jefferisite Froducts 
Cc., are 5 ovenings, 2 shafts 10 anc le ft. deep, and & open cuts, 
all of vrici srow jefferisite," 


The deoosits «et Turrett and at “Vestcliffe ‘vere operated in 1929, 


Vermiculite nas beex mined by the Denver Mining & Manufacturing Co. from 
ceposit about 5 miles southeast of Eecla, anc the heat-treated vroduct sold 
ster the name "Tung ash." J. mM. Kyrl, of Ciuicago, operated the Goldenite 
ud Silverite mine in Fremont County, -Colo., near Hillside; in 1931; and... 


| alcerson, Victor -¢. Jefferisite. Colo. School of mines, Circ. of Inf., 
undated, 4:pp. : sae a 4 
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Gevelopment work wes revorted et several otmwer vermiculite properties during 
1932, Won-Metallics, Inc., started to wevelop a vermiculite deposit about ¢ 
miles west of Rye, Colo., ommed, by E F, Gocatti,- of Fuebid, le anda deoosit 
at Feldspar was worned by L. Dd, Cnristison, who also owhs a deposit of lover 
grade material nesr Cotdpaxi. Colorado vermiculite: is treated by tne George 
B. Smith Caemical orks, Inc., of Soring.ficld, t11,, and manufactured into: 
insulating bricks and blocks, sectional pipe covering, insulating cements, 
etc. It is revorted that: Gustavus: Sessingiaus, ‘Of Denver, shipped several 
tons of vermiculite in 1932 froma deposit 8: miles from Buena’ Vista, Colo. 


WNortn Carolina - ' 


The presence of vermiculite in North’ Carolina has teen known for mary 
years, but tntil recently there has oeen little ‘or no commercial proéuction. 
The variety know as Culsageeite was reported upon in 1673 by Cooke, ” and 
Ross and Shannon!* have described an occurrence of nickeliferous vermiculite 
about one mile east of webster, N. C. Within recent months there has apparenx‘- 
ly been @ growing interest in the development of vermiculite deposits in tke 
State, and shivments have been made by at least one procucer. 


oe “8 
- Pennsylvania 


The variety of vermiculite Imown as Jefferiaite ‘Was discovered many years 
avo in a serpentine quarry neer West Cnaester; Penna., “by: William W. Jefferis, 
for whom it was need. Thé derosit, knowm locally as the ‘Brinton Quarry, *as 
worked in 1929 by the John warren watson -Co-, of Philadelpuia, 


>a young 


A deposit of vermiculite near encampment, wyoming, is being developed ty 
the Parco Development Co.; itis reported | that: the conmany ee 44 tons of 
the material from its ‘property ta ivst. oe 


woe be 
4 i , . er ge . ry -_ 


a sol " a: 
Otnuer States — 


Cccurrences of vermiculite neve been encountered elsewhere in the United 
States, but ecumer Cte. CeVeEOUeats ge neey to te liwited to the avove-mention: 
localities, => : : - : a 
12 Mining Journal: ars rg Vol. Te, tio. 5, July sO; 1932, p. 20. 

13 Cooke, Jostan P.; Jr.- Culsazeette, the Vermiculite ‘of the Jenks Nine, 
North Carolina, -Am. acad. arts and Sci., Froc., vol. 9, 1873, pp. 4&-<: 
14 -Ross, Clerence’ S$. and Snannon,‘Harl V: Nickeliferous Vermiculite and 
Serpentine from Wetster, North Cerolina, am. Mineralog., vol. ll, 
NO. 4, April, 1926, op. £O-93. 
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The methods of mining and treating vermiculite ncn by the Zonolite 
») are aoscnt hed: ‘AS follows :16 i. Soc We oe Seat eis 


E A ; . ve o. é ET < 
ep ° eae eg Js o i ie neces aioe A is 


HAt the present time tne property is “being worked from the — as 
an Open quarry, The overburcen, which varies from.lO-in. to:2°ft., :is 
scraped:‘off and a'face of pure zonolite about 3O ft. ride andi150 ft. 
long' constitutes the present working pit. imgineers estimate‘that ‘ 
the deposit contains at least°25,000,000 tons of the minerally *.* ©: 


i ny - ¢ a * Pin & 
= @ ian of o,h ome 


"On account of the transportation problem it soon became apparent 
that the raw mineral would have to be shipped to industrial centers 
and expanded near the place of-usé.- in 1925 the Zonolite Co. built 
@ large plant at Libby to expand tne mineral and the plant is still 
in existence but the modern’ trend-is toward ‘shipping : the‘ raw reck. 
This would: ¢all for-a large number of plants tnuronghout the east 
Which, obviously, for the tonnage available per plant, had its dis-. 
advantage. eae here again the problem is being met in a novel. manner. 

"The idea tas to develop a small ' expander! whieh. would be leased . 

-on & royalty basis, The macnine would represent a small investment 
and its capacity would be in tne neighborhood of two tons of zonolite 

per hour,- In working out tne design of such a. device it was.found 
that heat alone was not all that was necessery to secure a maximum 
expansion of the mEneT oes In tue Polat type eee the best ezvanded 
material weigied 7 to S lb. ver cu.'ft. on the: +-in. material. On 
‘the new type exvnander, a aescrivtion:of which. feilowa: the mineral 
has. been expanded to.reig:: as. low.as 5 lo. per cu. ft. Material of 
tnis weight is so light’ tuat tne direct flame from an oil or. a6 | 
burner literally blows it out of tne furnace..*. * a . x 


"In using the -as or “eleeteicaliy heated inighine it, was found 
advantageous to size the crude zonolite before expanding it. This 
is done by using a "Jigger" vibrating screen that gives three sizes 
of zonolite: 4-in., 1/8 in. and fines. These are expanded separate- 
ly and almost inatantly. 
"The furnace consists of a machine which is also knomn as a. 
"Jieger." A vibrating plate 3 ft. wide and 7 ft. long and set at 
-- @ stight slope is enclosed in a firebrickx housing nung independent 
of the plate. ishen gas is uced as fuel the heat- is applied above 
the vibrating plate through suitable port holes and where electricity 
is used the electric heating elements are hung about Ss in. above the 
plate. The sized raw zonolite is fed to tne top of tue vibrating 


>) Rock Products. Progress in tre Use of Zonolite. Vol. 35, i’o. 6, april 23, 
1932, pp. 17-1b, 
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plate and as it descends is turorm un into the neated zone and this 
results in a uniformly e:panded material at lov cost. The machine 
has a capacity of 4000 lb. per hour and requires a 3hp. motor to 
operate tite vibrating meckanisia, Tne electric heatin; elements are 
rated at 45 kw. and use 220 volt, S-phase alternating current. They 
Vill withstand a temperature of 1500 deg. F. ‘The machine and process 
are protected by patents and it is provosed to lease the machine on a 
royalty vasis." 


FReIGHT RaTas 


Because of its light weight and consequent bulk, expanded vermiculite 
carries a high freight rate ($65.00 per ton on snipments from Libby, Montana 
to Eastern points, in less than carload quantities), which makes it imprac- 
ticable to ship the material between distant points. To meet this situation 
the Zonolite Co. has adopted the plan outlined on page 7. The company suips 
the crude ore, pre-screened to the prover size, and pre-dried of surface 
moisture, from the inine to points of consumption. Freight rates on vermiculiti 
in this form are 8s follows: To tne Cnicago district, $10.00 per ton; to 
Pittsburgh, Cleveland, etc., 12.00; and to the kastern Seaboard, $15.00 per 
ton. 


The following freight rates, supplied by the Interstate Commerce 
Commission, governing various forms of mica, apparently apply to vermiculite: 


Crude vermiculitel/ Ground veruiculite 2) 
Carloads, min. wt. 66,00 lb, 


(cents per 1)U 1b,) l (cents per 100 lb. 


From: Libby, Mont. i Lioby, ont. | wenver, Colo. | asheville, N. « 
To: — | 

Cuicago, 111. 50 | 50 | 75 so? 3/ 
Joliet, Ill. 5 | 50 | 75: S97 3/ 
St. Louis, Mo. , 60 | 60 | 75 C20 3/ 
Boston, Mass. 75 | 85 | = 850 3/ 
New York, N. Y. 75 | as 2 750 3/ 
Fhiladelphia, Fa. 75 85 -- — 630 3/ 


1/ Classified as "crude hydrated biotite mice," 
2/ Classified as "ground mica." 
3/ Cents per 2.00 pounds. 
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FRICHS 


Little information is available witn reference to prices of vermiculite. 
[In September, 1932, the Zonolite Froducts Co.’ (a unit of F. #. Schundler & Co., 
srooklyn, N. Y., and largest distrioutor of the output of the Zonolite Co.) 
yaoted vre-dried ard screened vermiculite at $15.00 ver ton, f.o.b. Libby, 
.ontana, in bulk, Te expanded meterial is sold from the company's e..panding 
ylant at Joliet, Illinois at $45 ver tor. on sizes whicn do not require 
articular grinding. In March 1963, quotations for vermiculite appeared in 
ietal and Mineral liarkets, the ueeuve being 57 per ton, f.0.D. mines, vrorth 
varolina, 7 


~PCSSIBLE PRODUCERS © 


Lie 2S Rees, western Rawlplug, Inc., 1156 California St. 
benver, Colo, 
Zonolite Co., Libby, hontana. 
Bearpaw Mining & Millinz Co., Havre, Mont. 
S. H. Chancerlain, Victor, ont. 
Manganiferous Iron Co., 500 hinnesota Bldg., 5t. Paul, Minn. 
‘J. K. Chalmers, 632, H. W. Eellman Bldg., Los angeles, Calif. 
R. E. Tilden, 282S Benvenue ave., Rerkeley, Calif. 
-H. QO. Aaberg, Myers Hotel, Janesville, wisconsin. 
Farco Development Co., Encampment, wyoming. 
-D. E. G. austin, Turret, Colo. 
Joseph W. Kryl, westcliffe, Guster Co., Colo. 
Vermiculite & asbestos Co., Livty, Mont. 

, John warren watson Co., sest Cnester, Fenna. | 
Philip S. hoyt, Industrial iinerels Corp.,,. Franklin, Ww. C. 
R. G. Rogers, Boice Hardwood Co., Inc., hayesville, N. C. 
S. A. Jones, ‘aynesville, Norti Carolina. 

Worman §. Poole, hayesville, North Carolina. 
Roland W. Ainsworth, Hillside, ariz. 
_ J. M. Kyrl, 15e6-W. 22nd St., Chicago, Ill. 
Gustavus Sessinghaus, ane See ens Denver, Colo. 
E. F. Gobatti, Pueblo, Colo.- 


POSSIBLi, BUYLRS 


K. L. Conley, Vancouver Flywood Co., éé3 l. Micnuigan ave., 
Chicago, Ill. 

L. B. Miller, Researcn Chemist, Johns-Manville Research Laboratories, 
Materials Develovonment Section I, manville, MN. J. 

F. H. Schundler, 45th St. & lst ave., Erooklyn, N. Y. 

Jonn A. Wiener, 5&1 w. 7th St., Osrvego, WN. Y. 

Morgenstern asbestos Covering Co., 38951 Utan Street, St. Louis, Mo. 

George R. Eall & Sons, 11 E. 44th Street, New York, N. Y. 
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